Aldosterone, which has been isolated from the adrenal cortex and chemically characterized, is the most powerful sodium-retaining hormone among the known naturally occurring adrenal steroids (1) . As such, it seems probable that it plays a dominant part in the regulation of sodium and potassium metabolism.
There is considerable evidence that aldosterone may be unique among adrenal steroids in that its rate of secretion is largely independent of anterior pituitary control. This is suggested by the absence of atrophy of the zona glomerulosa in rats and dogs after hypophysectomy (2, 3) , by the persistence of aldosterone in the adrenal venous blood of hypophysectomized dogs (4) and by the observation that some patients with acute pituitary insufficiency induced by total hypophysectomy conserve sodium normally (5) and excrete normal amounts of salt-retaining hormone in the urine (6) .
In 1950, Luetscher, Neher, Wettstein, and Curtis (7, 8) first reported increased sodiumretaining activity in the urine of patients forming edema. In subsequent studies this group has identified the active substance in the urine as aldosterone. In addition, Luetscher and Axelrod (9) have reported increases in the excretion of hormone in normal subjects in response to short periods of sodium deprivation. The increase occurs without apparent alteration in the serum sodium concentration.
The present study was designed to examine the effects of changes in the dietary intake and of associated changes in the serum concentration of sodium and potassium ions upon the urinary excretion of the salt-retaining hormone. Certain aspects of the relationship between the distribution of sodium and potassium ions have been utilized to produce alterations of serum K and Na. Earlier studies have demonstrated that the administration of potassium to sodium-depleted dogs and human subjects produces a marked and sustained hyperkalemia which is not observed in subjects in normal electrolyte balance (10, 11) .
The present report demonstrates that potassium ingestion, when accompanied by a rise in the serum potassium, may be associated with a pronounced increase of sodium-retaining activity in the urine. A fall in the serum sodium concentration per se does not appear to produce a comparable effect.
METHODS
The experiments were carried out on trained, unanesthetized mongrel dogs housed in metabolism cages. The animals were fed a synthetic diet of fixed electrolyte content containing casein, lard, dextrin, dextrose, vitamin and mineral supplements and agar-agar to provide approximately 80 calories per kilogram per day. The basal diet contained less than 1.8 mEq. of Na and less than 0.44 mEq. of K per day. When KCI was given it was administered either as a 20 per cent solution by stomach tube or incorporated into the diet. Urine was collected daily and pooled in 48-hour lots. After removal of 10-ml. aliquots for estimation of Na, K and Cl, the urines were stored at -76°C. Stool specimens were not saved for analysis, but none of the dogs had diarrhea at any time. Methods for the estimation of serum and urinary sodium and potassium and chloride have been described previously (10) .
For estimation of sodium-retaining activity, the thawed urine specimens were adjusted to pH 1 with 6 N HCl and extracted continuously for 24 hours with 350 ml. of redistilled methylene chloride in a Wolfe-Hirschberg extractor. The methylene chloride extract was washed successively five times with 50-ml. portions of 0.1 N NaOH and five times with 50 ml. of distilled water and taken almost to dryness at reduced pressure in an atmosphere of nitrogen. The extracts were dried further over P20A in a vacuum desiccator at room temperature and then stored at -4°C. At At the end of a five-hour collection period the rats were forced to void by electric shock, the total urine volume was measured (4 to 10 ml. per group), and the amount of sodium excreted determined by flame photometry. The amounts of sodium excreted by the groups injected with DOCA were plotted on an arithmetic scale against the logarithm of the dose of DOCA (2, 10, 50 ,tg. Active urine extracts were chromatographed on paper (12) . The region of aldosterone was eluted and reassayed. With the larger amounts present in human urine, activity has been consistently confirmed in the eluate, and fluorescence in ultraviolet light and reduction with blue tetrazolium also gave results consistent with aldosterone. The active, crude extracts of urine consistently have been found to possess activity indistinguishable from pure aldosterone. Other groups have reported similar results (13) . Figure 1 illustrates the effect of orally administered KC1 on the concentration of serum potassium in normal and sodium-depleted dogs. In four control dogs receiving 2 gin. of NaCl daily, the serum K was not appreciably The present studies were performed on 1) normal dogs, 2) dogs with diabetes insipidus, and 3) a single human subject with chronic congestive heart failure and edema.
1) Normal dogs
Three types of experiments were performed on these animals:
(a) Feeding experiment (Table I, Figure 2 ). One of two dogs (N) received a constant intake of a sodium and potassium-free diet for 8 days, and in the succeeding 8-day period KCI was added. In the other dog (W) this procedure was reversed, KC1 being added in the first and absent in the second experimental period. Distilled water (450 ml.) was given daily by stomach tube.
(b) Depletion experiment (Table II, Figure 3 ). The dogs were first depleted of sodium chloride by peritoneal dialysis, according to the method of Darrow and Yannet (14) , and then maintained on a constant diet free of sodium. Repeated dialysis was necessary in several instances to achieve significant hyponatremia. Dogs R and M received 18 mEq. of KC1 on this diet whereas dogs W and E were kept on a K free as well as a Na free regimen. Distilled water (400 to 500 ml.) was given daily and, after a control period, KC1 was added for two successive days by stomach tube.
(c) Dilution experiment (Table III) . The serum sodium and potassium were reduced by a combination of forced hydration (1000 to 1500 ml. water by tube daily) and 2.5 units of Pitressin Tannate in OilO injected twice daily. Sustained hemodilution and hypervolemia can be achieved in this way with reduction in serum sodium and potassium (15) .
2) Dogs with diabetes insipidus (D.I.) (Table IV) Diabetes insipidus was produced by electrocoagulation of the hypothalamic tracts by Dr. R. C. deBodo of the Department of Pharmacology, New York University College of Medicine. These dogs excreted from two to six liters of urine per 24 hours when having free access to food and water. They were studied during three successive periods: 1) unselected or stock diet, 2) sodium and potassium-free diet, and 3) with the addition of KC1 time, no sodium-retaining activity was detected in the urinary extracts. When 104 mEq. of potassium were added to the diet, significant hyperkalemia developed and salt-retaining activity appeared in appreciable amounts in the urine ( Figure  2 ). In a second normal dog (W), the administration of KCl did not produce as great an elevation of serum potassium, and insignificant amounts of sodium-retaining activity were detected in the urinary extracts.
Table IV presents data from similar feeding experiments in two dogs with diabetes insipidus. These animals also, as stated above, appear to excrete little or no aldosterone-like material when on a stock diet or on a diet free of sodium and potassium. When potassium chloride was added to the diet, an increase in the sodium-retaining activity of the urinary extracts was observed in both dogs. Water balance was not detectably altered, and sodium balance did not change appreciably. A consistently low urinary specific gravity throughout the experiment affords further evidence that hydration was adequately maintained. In the dogs with diabetes insipidus, the serum potassium concentration was maintained at slightly higher levels than in the normal dogs during both the control and experimental periods. Table II summarizes five balance studies in dogs depleted of sodium by peritoneal dialysis. In three of the four animals, detectable amounts of salt-retaining hormone appeared in the urine at some time during the study. The amounts excreted did not correlate well with the degree of hyponatremia, nor were they related to a further loss of body sodium or water, but appear to be more directly related to the level of the serum potassium. It is noteworthy that the largest amounts of hormone were generally excreted on the days when potassium intake was greatest (R, M, C). Two of the dogs (R, M) received small amounts of KCI (18 mEq.) as part of the daily diet after dialysis. These animals excreted appreciably more of the active hormone than did the two dogs (W, C) given K-free diets. In dog W, hormone excretion remained low throughout the study, despite serum sodium levels as low as 132 mEq. per L. and serum potassiums as high as 5.5 mEq. per L. It is of interest that this is the same dog that failed to excrete hormone in the feeding experiment described previously (Table I) .
Depletion experiments
Dilution experiments (Table III) Two dilution studies were performed primarily for comparison with the data obtained in the depletion experiments. These also show that a reduction of serum sodium is not invariably associated with a change in urinary salt-retaining activity. In contrast to the dialysis depletion studies, the dilution procedure maintains the total body sodium more nearly at its normal level and hyponatremia is produced, at least in part, by excessive water retention. A parallel reduction in serum potassium also occurs. In one instance (N), when hypokalemia was corrected by feeding KC1, increased salt-retaining activity was noted in the urine. This occurred with hyperkalemia and an associated increase in total body water, as suggested by the fluid balance. Figure 4 presents a graphic correlation between the levels of serum potassium and the excretion of aldosterone-like material in all of the animal studies. The response in a given animal appears to be qualitatively reproducible, as evidenced by the data obtained with dogs W and R.
Observations on a cardiac patient
The possible relationships between the levels of serum Na and K and the excretion of aldosterone have been explored in a man with heart failure and edema ( Figure 5 ). The serum sodium concentration remained at about 120 mEq. per L. during the entire study. As in the case of the sodium-depleted dog, the serum potassium tended to be high, i.e., 6 to 7 mEq. per L., when he was on a moderately high potassium intake. The serum potassium was reduced to 2.7 mEq. per L. over a 24-hour period by a single 2-ml Mercuhydrin@ in conjunction with the institution of a low potassium diet. As shown in Figure 4 , the daily aldosterone excretion was initially high (300 pug.) and fell to a minimal value of 35 pug. per day after the serum K was reduced. This rate of excretion is still considerably above that observed in normal individuals on low sodium diets (9) . Subsequently, the administration of K restored the serum K to higher levels and the excretion of aldosterone increased to a peak of 630 pg. per day. In this study, the estimates of aldosterone were confirmed by re-assay after chromatography and by U-V absorption and reduction with blue tetrazolium.
DISCUSSION
In this study, the amount of salt-retaining activity of urinary extracts has been considered to be an index of the rate of aldosterone secretion. It should be appreciated that probably only a small fraction of the total amount secreted by the adrenal cortex actually appears in the urine (8) . The activity of the urinary extracts is undoubtedly affected by variations in the rate of renal excretion and metabolic degradation.
Among the factors suggested thus far as promoting the secretion of aldosterone are sodium deprivation (9), potassium administration (16, 17) and a reduction in body water (17, 18) . There is general agreement that sodium restriction results in an increase in urinary aldosterone (8, 17) and, conversely, that the administration of sodium in sufficiently large quantities suppresses the excretion of aldosterone (8, 17, 19 From the data presented in this communication it appears that the administration of potassium has little effect on aldosterone excretion unless there is a simultaneous elevation of the serum potassium. It also has been shown that potassium administration in sodium depleted subjects causes a significant and sustained hyperkalemia (10, 11) . Therefore, it may be anticipated that sodium deprivation, in the absence of potassium deprivation, may lead to some elevation of serum potassium. Consequently, changes in the rate of aldosterone secretion occurring in the course of sodium deprivation may not be entirely referable to alteration in sodium balance. In this connection, it is of interest that in the two subjects reported by Luetscher and Axelrod (9), the increases in urinary aldosterone induced by sodium withdrawal were accompanied by rises in the serum potassium of 0.7 to 0.9 mEq. per L., while the concentration of serum sodium remained relatively constant. More recently, this group has found with sodium deprivation that the extent of increase in hormone is directly related to the concurrent K intake (26) .
In the present studies it is worthy of note that changes in aldosterone excretion did not appear to correlate well with any observable change in the level of serum sodium, sodium balance, or the state of hydration.
In edematous states, the administration of sodium (17, 19) or potassium deprivation, as reported here in one patient, may reduce urinary aldosterone but to values which remain well above normal. Furthermore, in experimental edema characterized by increased urinary aldosterone (27) a sustained large increase in plasma volume and in body water does not lead to sodium excretion as it does in normal subjects (15) Reduction in the serum sodium by peritoneal dialysis was associated with only slight to negligible hormone activity unless potassium was provided in the diet.
Two dogs with diabetes insipidus exhibited responses similar to the normal dogs.
The sodium-retaining activity of the urinary extracts in this study can be correlated with an induced increase in the serum potassium ion concentration and does not correlate well with reduction in the serum sodium ion concentration.
The data support the concept that an increase in the concentration of the serum potassium ion is a stimulus for the secretion of aldosterone.
